Results of photoelectric UBV RI photometry of 78 stars and photographic PDS and CCD photometry for 437 stars are presented for Collinder 110, an old open cluster at low Galactic latitude. Proper motions obtained from Lick Sky Survey plates were used to identify 39 stars as foreground objects. The clusterÏs reddening, distance, and age are estimated as E(B[V ) \ 0.50^0.03 mag, r \ 1950^300 pc, and t \ 1.4^0.3 Gyr, assuming a solar metal abundance.
INTRODUCTION
Collinder 110 is a moderately rich open cluster (III1m ; located at equatorial coordinates a \ Trumpler 1930)
d \ ]2¡01@ (J2000.0) and Galactic coordinates 6h38m . 4, l \ 210¡ and b \ [2¡. It was listed by as one of King (1964) a group of open clusters suspected of great age but was omitted from the list of old clusters of Janes, & Phelps, Montgomery (1994) .
The only photoelectric work on Cr 110 prior to this study was reported by & Abakumov who Tsarevskii (1971) , obtained UBV photographic photometry for 120 stars out of 250 in a 5¡ Ðeld centered on Cr 110. Their main sequence extended to V \ 14. Their cluster color-magnitude diagram (CMD) displayed a well-populated giant branch and a "" clump ÏÏ of stars near V \ 13.5 and B[V \ 1.55. They derived a color excess E(B[V ) \ 0.55^0.05 mag, a distance r \ 2.75^0.4 kpc, and an age of about 3 Gyr.
As an open cluster of Gyr age, Collinder 110 is of interest to studies of stellar evolution and star formation. We decided to obtain photometry of more and fainter stars in the cluster Ðeld so as to reÐne the estimates of its observational parameters. Because of the low Galactic latitude of Cr 110, it was necessary to attempt some segregation of foreground stars on the basis of proper motions.
PHOTOELECTRIC OBSERVATIONS
Photoelectric photometry on the Johnson UBV and Cousins RI systems was obtained for 49 stars in the cluster Ðeld using the 0.9 and 1.5 m telescopes at Cerro Tololo Inter-American Observatory and the 1.3 m telescope at Kitt Peak National Observatory. UBV RI standard stars from and were Cousins (1974) , Graham (1982) , Landolt (1983) Some CCD frames of a central portion of the cluster were also obtained, in the B and V Ðlters, at the prime focus of the Anglo-Australian Telescope under the AAO service observing program. The CCD was a 512 ] 320 pixel RCA chip calibrated using E-region standards (Graham 1982) . The APEX photometry code of E. B. Newell at the Mount Stromlo Observatory was used to extract magnitudes. Therefore, also listed in are V and B magnitudes Table 1 and a B[V color index (reported to 0.01 mag accuracy) for 29 stars in the CCD frames.
PHOTOGRAPHIC PHOTOMETRY
The plate materials used for photographic photometry are listed in Tables and UBV plates were obtained at 2 3. CTIO on the 1.0 m Yale Telescope at the f/7.5 RitcheyChre tien focus. Additional plates were obtained with the 1.0 m f/13.5 astrometric reÑector at the Fan Mountain Observatory of the University of Virginia.
is a chart of the Cr 110 Ðeld covering approx- Figure 1 imately 10@. Throughout, we refer to stars according to quadrant-and-ring notation ; e.g., star 1282 is number 82 in ring 2 of quadrant I. Initially, two regions were used : a central circle of 250A radius surrounded by a ring of 250A thickness. However, when we performed the proper-motion study, another ring of 136A thickness was added because of the crowding of star images in the inner regions as seen on the smaller scale Sky Survey plates. Some stars in the outer ring have proper motions but not photometry, and vice versa for some stars in the inner regions.
The CTIO and Virginia plates were measured at the PDS microdensitometer facility at Yale University. A window 20A on a side (40A for the Virginia plates) was raster-scanned across each image with a 15 km scan step (30 km for the Virginia plates) and 25% scan overlap, producing a 40 ] 40 sample array for each star. Following the procedure outlined by & van Altena we Ðtted the results of Lee (1983) , each scan to a binormal distribution of the form
where B is the base density level. In most cases S x \ S y , indicating round images ; poor seeing is apparent as an increase in both values, and indicates trailing. The S x D S y 1076 Virginia plates have a larger scale than the CTIO plates, and their images are somewhat larger. Positional repeatability was^5 km. An instrumental magnitude for each image was generated from the volume of the distribution out to 2 p. Star images for which the density distribution had a Ñat top (i.e., saturated) were Ñagged in the output data. Some bright stars on the photographs (probable cluster nonmembers) were also scanned to evaluate the e †ects of saturation on the derived magnitudes ; images of most stars in the cluster Ðeld, including the photoelectric standards, were free of signiÐcant saturation e †ects. Because of the crowding of faint stars in the inner region, not all the program stars are labeled in Therefore, Figure 1 . the (x, y)-coordinates in millimeters for all stars studied are listed in and in below. The coordinate Table 1  Table 5 system was based on scanning of CTIO V plate 3664 ; in this system, the cluster center is at (x, y) D (20.8, 6.4) and the most positive (], ]) coordinates lie in quadrant III. Stars in ring 3 were not scanned on plate 3664 but were scanned on the Lick plates, so linear transformations in x and y were used with coordinates on Lick V plate 5848 to derive equiv- alent coordinates on the CTIO plate for stars able to be scanned on both ; the transformed (x, y)-coordinate standard deviations are^28.3 and^22.5 km. Finally, approximate coordinates were estimated by eye from CTIO plate 3664 for a few stars misidentiÐed or not scanned on the Lick plates ; these are listed only to 0.1 mm.
For each ring and quadrant, an estimate of image blending or contamination was made by comparing the base density value for that star with the average base density for that section of the plate. Images with values 2 p or more higher than the average were rejected, and their magnitudes were not used in any further analysis. The numbers of stars sampled on each plate, and the fraction rejected, are listed in
The fraction tends to be lower for the U plates Table 4 . because starsÏ images were generally not as deeply exposed.
Repeatability of the PDS magnitudes was tested by scanning a dozen photoelectric standards on each plate on several occasions during the measurement of the program stars. The brightest stars showed repeatability to about 0.002 mag as long as the images had no obvious saturation ; for the faintest standards (B D 17),^0.004 mag was a more typical scatter.
The microdensitometer magnitudes were calibrated against photoelectric magnitudes for each plate, with CCD magnitudes used as secondary calibrators. (Table 1) Usually, a cubic polynomial represented the overall calibration with reasonable accuracy. Color corrections were also determined, by analyzing deviations from the overall Ðt as functions of B[V ; the CTIO plates showed smaller corrections than the Virginia plates. The U color dependence proved difficult to evaluate, being near the level of observational scatter ; therefore, we decided to err on the conservative side and report the U[B color indexes uncorrected for any color dependence, recognizing however that there probably is a small one (at the few hundredths magnitude level, lower for the bluest stars and higher for the reddest, as best we could evaluate the trend). Mean magnitudes in V , B, Table 5 . Magnitudes or color indexes for which the internal variation of the estimates exceeds 0.10 mag are followed by a colon.
PROPER MOTIONS
Since Cr 110 is more than 1 kpc distant, stars with large proper motions are likely to be foreground stars instead of cluster members. Stars behind the cluster cannot readily be distinguished from members by proper motions. Nonetheless, identifying foreground stars is useful in cleaning up the CMD and estimating the amount of Ðeld star contamination.
Six B and three V plates of the Lick Sky Survey (Tables 2,   TABLE 5 PHOTOGRAPHIC DATA NOTE.ÈTable 5 is presented in its entirety in the electronic edition of the Astronomical Journal. A portion is shown here for guidance regarding its form and content.
a See for positions, V magnitude, and colors. Table 1 were analyzed at the Automated Measuring Engine 3) (AME) facility at the University of California, Santa Cruz, by D. W. D. and T. Nakajima After initial (Nakajima 1986). position measurements with a Gaertner engine, each plate was placed onto the AME and the chosen images were scanned to determine their photometric centers. Images were chosen for AME measurement if their sizes were 50È250 km and if no other images were found within 25 km of their edges ; this yielded 371 measurable stars. A search was conducted with a 60 km scanning aperture over a (maximum) 400 km square area of plate for each stellar image. The positional accuracy of the scans was^5 km, which corresponds to at the scale (D55A mm~1) of0A .28 the Sky Survey plates.
Magnitudes were also produced as a by-product of the AME scans, but were somewhat less accurate (D0.08 mag for V and D0.11 mag for B) than those derived from PDS scans because of the larger plate scale and greater image crowding of the Sky Survey plates. As with the CTIO and Virginia plates, estimating the magnitudes involved determinations of color dependence and cubic polynomial Ðtting. V magnitudes and B[V color indexes for the stars in ring 3 are listed in
We determined that 20% of Table 5 . the program stars in ring 1 and 23% of those in ring 2 could not be accurately measured because of blending.
In the last three columns of are listed the x-and Castellani (1992) quate Ðt to the CMD of NGC 2420 only because they had not been normalized to the SunÏs absolute magnitude and intrinsic color at t \ 4.6 Gyr and had not been adjusted to the lower metallicity of that cluster. However, both the overshoot and nonovershoot models predict giant branches D0.07È0.14 mag too red relative to observations ; this is easily seen in our in the position of the clump Figure 4 versus the plotted isochrones.
Because the metallicity of Cr 110 is not yet known, and because of the noisy cluster CMD, we do not attempt a detailed comparison of the available isochrones here. However, the rounder turno † regions of the core-overshoot isochrones would yield a somewhat better Ðt to the available data.
Our best estimate of the clusterÏs age is t \ 1.4^0.3 Gyr. Aside from uncertainties in CMD Ðtting and theoretical considerations in the computation of isochrones, uncertainty in the age will also arise from our lack of knowledge of the helium abundance and metallicity, which will be determined only from a detailed spectral analysis of member stars. Nonetheless, Collinder 110 is comparable in age to other old open clusters.
et al. used the Phelps (1994) CMD morphological age parameters dV (the magnitude di †erence between the main-sequence turno † and the clump) and d1 (the di †erence in color index between the bluest point at the luminosity of the main-sequence turno † and that of the giant branch at a luminosity 1 mag brighter) ; we estimate from the CMD that dV D 1.2 and d1 D 0.64, values similar to those for NGC 7789.
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